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© A process for the preparation of a silver-containing catalyst 

© A process for the preparation of a silver-contain- 
ing cataJyst suitable for the oxidation of ethylene to 
ethylene oxide which comprises: 

a) mixing alumina with a tin compound and 
with an alkali metal compound, 

b) calcining the mixture to obtain an alkali 
metal-enriched and tin-modified alumina carrier, 

c) impregnating* the carrier with a solution of a 
silver compound, which is sufficient to cause precipi- 
tation on the carrier of from 1 to 25 per cent by 
weight on the total catalyst, of silver and before, 
during or after that impregnation also "impregnating 
the carrier with one or more dissolved alkali metal 
compounds and with a rhenium compound as pro- 

t_ moters. 

^ d) precipitating the silver compound on the 
m carrier and 

C£ e) reducing the silver compound to metallic 
tf) silver. 
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A PROCESS FOR THE PREPARATION OF A SILVER-CONTAINING CATALYST 



The invention relates to a process for the prep- 
aration of a silver-containing catalyst, suitable for 
the preparation of ethylene oxide, to the prepared 
catalyst and to the use of the catalyst for the 
preparation of ethylene oxide and the ethylene 
oxide thus obtained. Moreover the invention relates 
to novel catalysts. 

It is generally known for a silver-containing 
catalyst to be employed in the preparation of eth- 
ylene oxide. See for example British patent speci- 
fication 1.413.251 and also the literature cited 
therein. In order to obtain improved silver catalysts, 
efforts have been directed for many years towards 
modifying the silver catalysts with the aid of pro- 
moters. For example, the above-mentioned British 
patent specification 1.413,251 describes a process 
in which a silver compound is applied to a earner, 
after which the applied silver compound is reduced 
to silver and in which additionally a promoter in the 
form of potassium oxide, rubidium oxide or cesium 
oxide or a mixture thereof is present on the carrier. 

Applicant has found a silver catalyst with im- 
proved selectivity and a high stability and activity. 

The invention relates to a process for the prep- 
aration of a silver-containing catalyst suitable for 
the oxidation of ethylene to ethylene oxide which 
comprises 

a) mixing alumina with a tin compound and 
with an alkali metal compound. 

b) calcining the mixture to obtain an alkali 
metal-enriched and tin-modified alumina carrier. 

c) impregnating the carrier with a solution of 
a silver compound, which is sufficient to cause 
precipitation on the carrier of from 1 to 25 per cent 
by weight, on the total catalyst, of silver and be- 
fore, during or after that impregnation also impreg- 
nating the carrier with one or more dissolved alkali 
metal compounds and with a rhenium compound 
as promoters. 

d) precipitating the silver compound on the 
carrier and 

e) reducing the silver compound to metallic 

silver. 

The aluminium oxides can be several modifica- 
tions of aluminium oxide, such as gamma-alumin- 
ium oxide, which when calcined at a final tempera- 
ture between 1200 * C and 1700 *C generally 
produce alpha-aluminium oxide. Another possibility 
is to choose a hydrated aluminium oxide, such as 
boehmite. which via gamma-aluminium oxide pro- 
duces alpha-aluminium oxide. 

The alkali metal compounds, used for mixing 
with the aluminium oxide and the tin compound in 
order to prepare an alumina carrier, comprise alkali 
metal hydroxides and alkali metal salts, such as 



fluorides, nitrates, chlorides or sulphates. Prefer- 
ably potassium, rubidium or cesium compounds 
are used, most preferably cesium compounds, e.g. 
cesium chloride, cesium fluoride or cesium sul- 

s phate. Mixtures of salt or hydroxides of different 
alkali metals may also be used. 

The quantity of alkali metal compound that is 
mixed with the alumina is chosen in such an 
amount, that the atom ratio of the alkali 

w metal/ aluminium is between 0.0001 and 0.1. prefer- 
ably between 0.001 and 0.01. 

Examples of tin compounds are tin oxides or 
tin salts, such as stannic chloride, stannic bromide, 
stannic fluoride, stannic iodide, stannic nitrate. 

is stannic sulphate, stannic tartrate, stannic chromate. 
Salts of divalent tin may be suitable as well. e.g. 
stanno sulphate. Stannic sulphate and stanno sul- 
phate are the most preferred. Stannates could also 
be used. 

20 The quantity of tin compound that is mixed 

with the alumina is chosen in such an amount, that 
the atom ratio of the tin/aluminium is between 
0.001 and 0.1, preferably between 0.005 and 0.05. 
It has been found that the Sn. Al atom ratio and 

2S the Cs/AI atom ratio at the surface of the carrier is 
greater than the weighed-out Sn.AI and Cs AI atom 
ratios respectively. It has further been found that 
the tin particles at the surface of the carrier have a 
great influence on the distribution of the metallic 

30 silver over the surface, after impregnation of the 
carrier with the silver compounds and subsequent 
reduction of the silver compounds. 

Scanning electron microscopy revealed that 
the silver particles on the carrier surface were 

35 invisible and could not be detected apartly, which 
is in contrast to silver particles of a commercial 
catalyst which particles could be seen and had a 
diameter of about 0.2-0.5 am. One could also 
speak of a silver mirror on the surface of the carrier 

40 in the catalyst according to the invention. * 

It should be clear that alkali metals may be 
present in the alumina before the mixing of any 
compound, since in the raw alumina materials and 
ores the aluminium contains impurities of this kind. 

45 Substantial amounts, up to 10.000 ppm wt of alkali 
metals are not unusual. These amounts are ne- 
glected in calculations. When alkali is mixed with 
alumina, we say that the alumina is then 
"enriched ". In the case of tin. which we consider 

50 not to be present in the alumina before mixing, we 
use the term "modified ". 

For the preparation of the alkali metal-enriched 
and tin modified alpha-alumina carrier, preferably 
alumina is mixed with water, the tin compound and 
the alkali metal compound, and the resulting mix- 
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ture is extruded to shaped carrier particles, which 
latter are calcined. The calcination can take place 
in one or more steps, depending on the choice of 
starting material. In general, sufficient water is ad- 
ded to make the mixture extrudable. The extruda- 
ble paste obtained is then extruded in an extruder 
to form shaped pieces. These shaped pieces are 
heated, during which water still present is evap- 
orated. The solid pieces are then calcined. In order 
to prepare the alpha aluminium oxide modification, 
calcination up to a temperature of between 1200*C 
and 1700*C is necessary. Suitable starting materi- 
als are powders of gamma-aluminium oxide, alpha- 
aluminium oxide monohydrate, alpha-aluminium ox- 
ide trihydrate and beta-aluminium oxide mon- 
ohydrate, which are sintered during the calcination, 
with fusion of the powder particles taking place. 
The heating and calcination also changes the cry- 
stal structure: the cubic structure of gamma alumin- 
ium oxide changes into the hexagonal structure of 
alpha aluminium oxide. 

The term "calcination " was originally used in 
industry for the burning of limestone, consisting for 
a major part of calcium-carbonate, to calcium ox- 
ide. By way of extension the term "calcination" is 
used in the chemical encyclopedias in the prepara- 
tion of alpha-alumina. The term is now generally 
used in catalyst chemistry. 

The effective catalyst surface area can vary 
from between 0.1 and 5 m 2 /g, preferably between 
0.2 and 2 m 2 -'g. Shaped particles of alpha-aiumina 
comprise i.a. bars, rings, pellets, tablets and tri- 
angles. They are especially suitable in fixed bed 
applications. 

In order to prepare the catalyst, the alkali en- 
riched and tin modified alumina carrier is impreg- 
nated with a solution of a silver compound, suffi- 
cient to apply, as wished, 1 to 25 weight per cent 
of silver, calculated on the weight of the total 
catalyst, on the carrier. The impregnated carrier is 
separated from the solution, if necessary, and the 
silver compound is precipitated on the surface and 
the precipitated silver compound is reduced to 
metallic silver. It may be that the whole solution is 
impregnated on the carrier. The silver is thus on 
the surface of the carrier. 

Also a promoter is present on the surface of 
the carrier, for example one or more alkali metals: 
for example potassium, rubidium or cesium. The 
promoters can be applied on the carrier before, 
during or after the impregnation with the silver 
compound. The promoter can also be applied on 
the carrier after the silver compound has been 
reduced to silver. The silver and the promoter are 
on the surface of the alumina carrier and exercise 
their catalytic action there. 

As a promoter is added to the silver solution, 
one or more of the alkali metals potassium. 



rubidium and cesium, preferably in the form of their 
salts or hydroxides. Although the metals potassium, 
rubidium and cesium exist in pure metal form, they 
are in that form not suitable for use. Therefore they 

5 are administered in a solution of their salts or 
hydroxides. The amount of added promoter gen- 
erally lies between 10 and 3000 parts by weight of 
potassium, rubidium or cesium metal per million 
parts by weight of total catalyst Preferably 

ro amounts between 250 and 1000 parts by weight 
are present on the total catalyst. 

The alumina carrier is also impregnated with a 
solution of a rhenium compound. This may be 
done the same time that this promoter is added. 

is before or later. The amount of rhenium, calculated 
as the metal, brought on the alumina carrier is 
between 40 and 2000 parts, preferably between 
100 and 1000 parts, by weight per million parts by 
weight of total catalyst. 

20 Preferably the rhenium compounds used in the 

preparation of the catalyst according to the inven- 
tion are the rhenium salts, the rhenium oxides, the 
rhenium oxyhalides, the perrhenates and the 
rhenium acids. 

25 As rhenium salts may be mentioned rhenium 

halides, such as rhenium tetrafiuoride, rhenium 
hexafluoride, rhenium trichloride, rhenium pentach- 
loride, rhenium tribromide; other salts are for exam- 
ple sulphates. 

30 As oxides of rhenium may be mentioned 

rhenium sesquioxide (RezOs). rhenium dioxide 
(ReOz). rhenium trioxide (ReO?) and rhenium hep- 
toxide (Re2<37). Of the perrhenates used in the 
process according to the invention especially am- 

35 monium perrhenate is suitable. However, the alkali 
metal perrhenates. alkaline earth metal per- 
rhenates, silver perrhenate and other perrhenates 
can be suitably utilized. 

With the rhenium compound also a sulphur 

40 compound may be used. It is preferred to use a 
combination of said compounds. The sulphur com- 
pound is preferably added in the form of ammo- 
nium sulphate, but other sulphur compounds may 
be used as well, such as sulphonates, thiols, 

45 dimethyl sulphoxide. sulphates, sulphites or thiosui- 
phates. 

The rhenium compound (calculated as the met- 
al) in the catalyst is preferably used in an amount 
of between 40 and 2000 parts by weight per million 

so parts by weight of total catalyst The sulphur is 
preferably used in equimolar amounts with respect 
to the rhenium, but somewhat higher and some- 
what lower amounts of sulphur are not excluded. 
Preferably as a sulphur compound a sulphate 

55 is applied, more preferred ammonium sulphate is 
applied. 

It has been found that sulphate ions are 
present on the carrier in an amount between 20 
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and 1000 parts by weight per million parts by 
weight of total catalyst. 

In general, the alumina carrier *s generally 
mixed with an aqueous solution of a silver salt or a 
siiver complex, so that the earner is impregnated 
/vith this solution, after which the carrier may be 
separated from the solution if necessary and sub- 
sequently dned. The impregnated earner is .then 
heated to a temperature of between 100 *C and 
400 " C for a period necessary for the silver salt (or 
complex) to decompose and form a finely distrib- 
uted layer of metallic silver which adheres to the 
inner and outer surfaces of the alumina carrier. 
Temperatures above 400 *.C during long times 
should be avoided, since then sintering of the silver 
particles takes place. 

Various methods are known for adding the sil- 
ver. The carrier can be impregnated with an aque- 
ous solution of silver nitrate, then dried, after which 
the silver nitrate is reduced with hydrogen or 
hydrazine. The carrier can also be impregnated 
with an ammoniacal solution of silver oxalate or 
silver carbonate, the deposition of silver metal be- 
ing effected by thermally decomposing the salt. 
Special solutions of siiver salt with certain solubiiiz- 
mg and reducing agents, such as combinations of 
/icinal alkanolamines, afkyldiamines and ammonia 
also serve the purpose. 

As has already been explained the effective 
catalyst surface area can vary between 0.1 and 5 
m 2 g, dependent on the alpha-alumina carrier used. 

Without to be bound by any theory the alkali 
metal promoter serves to neutralize the "acid sites" 
on the alumina surface, which sites may influence 
the formation of carbon dioxide from the ethylene 
oxide prepared. 

Consequently alumina with a small surface 
area will need less alkali metal promoter than an 
alumina with greater surface area, in order to give 
the maximum selectivity of the catalyst Generally 
the amount of alkali necessary to give the optimum 
selectivity is proportional with the surface area of 
the carrier. 

Suitable compounds to serve as starting ma- 
terial for the alkali promoters are. for example, 
nitrates, oxalates, carboxylic acid salts or hydrox- 
ides. The most preferred alkali promoter is cesium. 

Some excellent methods are known for adding 
the alkali metals in which these metals can be 
applied at the same time as the silver. Suitable 
alkali metal salts are generally salts which are 
soluble in the silver-depositing liquid phase. Be- 
sides the above-mentioned salts, it is also worth 
mentioning nitrates, chlorides, iodides, bromides, 
bicarbonates. acetates, tartrates, lactates and 
isopropoxides. The use of alkali metal salts which 
react with the silver present in the solution and thus 
cause siiver salts to be prematurely precipitated 



from an impregnating solution should, however, be 
avoided. For example, potassium chloride should 
not be used for impregnating techniques »n which 
an aqueous silver nitrate solution is used, but po- 
s tassium nitrate can be used instead. Potassium 
chloride can be suitably used in a process in which 
an aqueous solution of silver amine complexes, 
from which no silver chloride will precipitate, is 
used. 

w tn addition, the amount of alkali metal depos- 

ited on the carrier can be adjusted within certain 
fimits by washing out a part of the alkali metal with, 
preferably, anhydrous methanol or ethanol. This 
method is employed subsequently if the concentra- 

'5 tion of the applied alkali metal is found to be too 
high. The temperatures, contact times and the dry- 
ing with gases can be adjusted. Care should be 
taken to ensure that no traces of alcohol remain in 
the carrier. 

20 A preferably employed process consists of the 

carrier being impregnated with an aqueous solution 
containing both alkali metal salt and silver salt, the 
impregnating solution being composed of a silver 
salt of a carboxylic acid, an organic amine, a salt of 

25 potassium, rubidium or cesium and an aqueous 
solvent. For example, a potassium-containing silver 
oxalate solution can be prepared in two ways. 
Silver oxide can be reacted with a mixture of eth- 
ylene diamine and oxalic acid, giving a solution 

30 containing a silver oxalate ethylene diamine com- 
plex, to which a certain amount of potassium and 
possibly other amines such as ethanolamine is 
added. Silver oxalate can also be precipitated from 
a solution of potassium oxalate and silver nitrate. 

as the silver oxalate thus obtained then being repeat- 
edly washed in order to remove the attached po- 
tassium salts until the desired potassium content is 
obtained. The potassium-containing silver oxalate is 
then solubilized with ammonia and/or amine. Solu- 

40 tions containing rubidium and cesium can also be 
prepared in this way. The thus impregnated car- 
riers are then heated to a temperature of between 
100 *C and 400 * C. preferably between 125 "C 
and 325 * C. 

45 It is even more preferred to apply all the pro- 

moters together with the silver compound in a 
solution to the alumina carrier. 

It should be noted that, irrespective of the 
nature of the silver in the solution before the pre- 

50 cipitation onto the carrier, reference is always 
made to reduction to metallic silver, whereas it 
could also be referred to as decomposition on 
heating. It is preferred to think in terms of reduc- 
tion, since positively charged Ag ions are con- 

55 verted into metallic Ag. The reduction times can be 
simply adapted to the starting materials employed. 

As mentioned above, a promoter is preferably 
added to the silver. Cesium is the most preferred 
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promoter in view of the fact that its selectivity for 
ethylene oxide has been found to be the highest in 
comparison with the use of potassium or rubidium 
as promoter. 

The invention further relates to a silver-contain- 
ing catalyst suitable for use in the oxidation of 
ethylene to ethylene oxide comprising 

a) an alkali enriched and tin modified alpha- 
alumina carrier; 

b) from 1 to 25 per cent by weight of metal- 
lic silver, based on the weight of the total catalyst 
on the surface of the carrier, 

c) an alkali metal in an amount between 10 
and 3000 parts by weight per million parts by 
weight of the totaJ catalyst as promoter, and 

d) rhenium in an amount between 40 and 
2000 parts by weight per million parts by weight of 
the total catalyst as additional promoter. 

Preferably the catalyst contains between 250 
and 1000 ppm of alkali metal, preferably potas- 
sium, rubidium or cesium on the surface of the 
carrier. Preferably the amount of rhenium is be- 
tween 100 and 1000 ppm. If desired the catalyst 
may also comprise sulphate-ions on the surface of 
the carrier. Preferably the alpha-alumina carrier 
comprises cesium. 

The silver catalysts prepared by the process 
according to the present invention appear to be 
particularly stable catalysts for the direct catalytic 
oxidation of ethylene to ethylene oxide with the aid 
of molecular oxygen. The conditions for carrying 
out the oxidation reaction in the presence of the 
silver catalysts according to the invention are fairly 
similar to those already described in the literature. 
This applies to, for example, suitable temperatures, 
pressures, residence times, diluents such as nitro- 
gen, carbon dioxide, steam, argon, methane or 
other saturated hydrocarbons, the presence or ab- 
sence of moderating agents to control the catalytic 
action, for example 1 ,2-dichloroethane. vinyl chlo- 
ride or chlorinated polyphenyl compounds, the de- 
sirability of employing either recirculating treat- 
ments or successive conversions in different reac- 
tors to enhance the yield of ethylene oxide, as well 
as any other special conditions which may be 
chosen for processes for the- preparation of eth- 
ylene oxide. Usually, the pressures employed vary 
from about atmospheric pressure to about 35 bar. 
Higher pressures are, however, by no means ex- 
cluded. The molecular oxygen employed as reac- 
tant can be obtained from conventional sources. 
The oxygen feed can consist of substantially pure 
oxygen, of a concentrated oxygen stream consist- 
ing of a large amount of oxygen with smaller 
amounts of one or more diluents, such as nitrogen, 
argon, etc.. or of another oxygen-containing stream, 
such as air. 

In a preferably employed application of the 



silver catalysts according to the present invention, 
ethylene oxide is prepared by contacting an 
oxygen-containing gas that has been separated 
from air and that contains not less than 95% oxy- 

5 gen with ethylene in the presence of the catalysts 
in question at a temperature within the range of 
210 " C to 285 * C and preferably between 225 * C 
and 270 * C. 

In the reaction of ethylene with oxygen to eth- 

io ylene oxide, the ethylene is present in at least a 
double molecular quantity, but the quantity of eth- 
ylene employed is often higher. The conversion is 
therefore calculated according to the quantity of 
converted oxygen in the reaction and we therefore 

is speak of oxygen conversion. This oxygen conver- 
sion is dependent on the temperature of the reac- 
tion and is a measure of the activity of the catalyst. 
The values T3C, Tad and Tso refer to the tempera- 
tures at 30 mol%, 40 mol% and 50 mol% conver- 

20 sion respectively of the oxygen in the reactor. The 
temperatures are generally higher for a higher con- 
version and are highly dependent on the catalyst 
employed and the reaction conditions. In addition 
to these T-values. one also comes across selectiv- 

25 ity values, which indicate the molar percentage of 
ethylene oxide in the reaction mixture obtained. 
The selectivity is indicated as S30, S*o or S50. 
which refers to the selectivity at 30%, 40% or 50% 
oxygen conversion respectively. 

30 The concept "stability of a catalyst" cannot be 

expressed directly. Stability measurements require 
trials of long duration. For measuring the stability, 
the applicant has a number of tests which are 
carried out under extreme conditions with space 

35 velocities of 30,000 litre, (litre catalyst)*'. h~\ 
where litres of throughput gas are understood to be 
litres STP (standard temperature and pressure). 
This space velocity is many times higher than the 
space velocity in commercial processes, which 

40 may range from 2800 to 8000 h~\ The test is 
carried out for at least 1 month. The above-men- 
tioned T- and S-values are measured during the 
entire period of the test After the test has been 
broken off, the total quantity of ethylene oxide per 

45 ml catalyst is determined. The difference in selec- 
tivity and activity is calculated for a catalyst which 
would have produced 1000 gram ethylene oxide 
per mi catalyst A new catalyst is considered to be 
more stable than a known catalyst if the differences 

so in the T- and S-values of the new catalyst are less 
than those of the standard catalyst which is present 
during each test The stability tests are carried out 
at 35% oxygen conversion. 

55 



5 



9 



EP 0 299 569 A1 



10 



Example 1_ 

84.2 g stannosulphate and 35.7 g cesium- 
fluonde dissolved in 2850 ml water was mixed with 
2638.5 g Kaiser aluminium oxide (Al2 03.H z O) by 
adding the stannosulphate-cesiumfluoride aqueous 
solution to the aluminium oxide during 2 min. and 
the mixture was kneaded for 30 min in a masticator 
and extruded. The resulting shaped pieces were 
dried for 12 hours at 120 *C and subsequently 
calcined at progressively higher temperatures. Cal- 
cination was started with the temperature rising at a 
rate of 200 * C h to 500 " C. Calcination was contin- 
ued for 1 hour at 500 " C. after which the tempera- 
ture was raised in 2 hours to 1600 # C and contin- 
ued for 6 hours at 1600 "C. The pore volume of 
the shaped aluminium oxide pieces was 0.55 ml 
g~' and the average pore diameter was 2.6 am. 
The weighed-out cesium/aluminium atom ratio was 
0.006. the weighed-out tin/aluminium atom ratio 
was 0.01. 

The resulting shaped pieces were impregnated 
with an aqueous solution of silver oxalate, to which 
cesium hydroxide, ammonium perrhenate and am- 
monium sulphate were added. The impregnation 
was carried out for 10 min under vacuum, after 
which the shaped pieces were separated from the 
aqueous solution and placed in a hot air stream at 
a temperature of 250-270 * C for 10 min in order to 
convert the silver salt to metallic silver. The used 
aqueous solution of silver oxalate was a 28 %wt 
Ag-containing aqueous solution in which the silver 
oxalate was complexed with ethylene diamine. 

The catalyst particles contained 24.2 per cent 
by weight of silver. 420 ppm of cesium and 1 
micromol (186 microgram) rhenium and 1 micromol 
(32 microgram) sulphur per g catalyst. 

The silver catalyst was employed in the prep- 
aration of ethylene oxide from ethylene and oxy- 
gen. A cylindric steel reactor with a length of 40 
cm and a diameter of 5 mm was completely filled 
with crushed catalyst particles of about 1 mm. The 
reactor was placed in a bath of silica and alumina 
particles in fluid bed state. A gas mixture of the 
following composition was introduced into the reac- 
tor: 30 mol% ethylene, 8.5 mol% oxygen. 7 moi% 
carbon dioxide and 54.5 mol% nitrogen and 5.5 
ppm vinyl chloride as moderator. The GHSV was 
3300 h~\ The pressure was maintained at 15 bar 
and the temperature dependent on the oxygen 
conversion. 

Measuring-instruments were connected to the 
reactor and to a computer* such that conversion 
and reaction temperature could be precisely regu- 
lated. With the aid of gaschromatography and 
mass spectroscopy the amounts of reaction pro- 
ducts were determined. The oxygen conversion 
was 40%. 



The selectivity (Sec) of the above-mentioned 
silver catalyst was 81.6%. while the oxygen conver- 
sion temperature (Ti C ) was 242 *C. The catalyst 
showed improved stability. 

5 

Example 2 

84.2 g stannosulphate and 17.86 g cesium- 

10 fluoride dissolved in 2750 ml water was mixed with 
2638.5 g Kaiser aluminium oxide (/M 2 03.H 2 0) by 
adding the stannosulphate-cesiumfluoride aqueous 
solution to the aluminium oxide during 2 min. and 
the mixture was kneaded for 30 min in a masticator 

rs and extruded. The resulting shaped pieces were 
dried for 12 hours at 120 * C and subsequently 
calcined at progressively higher temperatures. Cal- 
cination was started with the temperature rising at a 
rate of 200 * Gh to 500 " C. Calcination was contin- 

20 ued for 1 hour at 500 * C. after which the tempera- 
ture was raised in 2 hours to 1600 *C and contin- 
ued for 6 hours at 1600 * C. The pore volume of 
the shaped aluminium oxide pieces was 0.59 ml 
g~' and the average pore diameter was 2.4 um. 

25 c The weighed-out cesium, aluminium atom ratio was 
0.003, the weighed-out tin/aluminium atom ratio 
was 0.01. 

The resulting shaped pieces were impregnated 
with an aqueous solution of silver oxalate, to which 

30 cesium hydroxide, ammonium perrhenate and am- 
monium sulphate were added. The impregnation 
was carried out for 10 min under vacuum, after 
which the shaped pieces were separated from the 
aqueous solution and placed in a hot air stream at 

35 a temperature of 250-270 " C for 10 min in order to 
convert the silver salt to metallic silver. The used 
aqueous solution of silver oxalate was a 28 %wt 
Ag-containing aqueous solution in which the silver 
oxalate was complexed with ethylene diamine. 

•*o The catalyst particles contained 20.1 per cent 

by weight of silver, 450 ppm of cesium and 1 
micromol (186 microgram) rhenium and 1 micromol 
(32 microgram) sulphur per g catalyst. 

The silver catalyst was employed in the prep- 

45 aration of ethylene oxide from ethylene and oxy- 
gen. A cylindric steel reactor with a length of 40 
cm and a diameter of 5 mm was completely filled 
with crushed catalyst particles of about 1 mm. The 
reactor was placed in a bath of silica and alumina 

so particles in fluid bed state. A gas mixture of the 
following composition was introduced into the reac- 
tor: 30 mol% ethylene. 8.5 mol% oxygen. 7 mol% 
carbon dioxide and 54.5 mol% nitrogen and 5.5 
ppm vinyl chloride as moderator. The GHSV was 

55 3300 h~\ The pressure was maintained at 15 bar 
and the temperature dependent on the oxygen 
conversion. 

Measuring-instruments were connected to the 
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reactor and to a computer, such that conversion 
and reaction temperature could be precisely regu- 
lated. With the aid of gaschromatography and 
mass spectroscopy the amounts of reaction pro- 
ducts were determined. The oxygen conversion 
was 40%. 

The selectivity (Sac) of the above-mentioned 
siiver catalyst was 81.9%, while the oxygen conver- 
sion temperature (Tao) was 242 * C. 



Example 3 (Comparative) 

A commercial silver catalyst was employed in 
the preparation of ethylene oxide from ethylene 
and oxygen. The process for the oxidation was 
carried out as described in Example 1 . 

The selectivity (Sao) of said silver catalyst was 
80.8%, while the oxygen conversion temperature 
(Ta 0 ) was 240 " C. 

Claims 

1. A process for the preparation of a silver- 
containing catalyst suitable for the oxidation of eth- 
ylene to ethylene oxide which comprises: 

a) mixing alumina with a tin compound and 
with an alkali metal compound. 

b) calcining the mixture to obtain an alkali 
metal-enriched and tin-modified alumina carrier. 

c) impregnating the carrier with a solution of 
a silver compound, which is sufficient to cause 
precipitation on the carrier of from 1 to 25 per cent 
by weight, on the total catalyst, of silver and be- 
fore, during or after that impregnation also impreg- 
nating the carrier with one or more dissolved alkali 
metal compounds and with a rhenium compound 
as promoters, 

d) precipitating the siiver compound on the 
carrier and 

e) reducing the silver compound to metallic 

silver. 

2. A process as claimed in claim 1 , wherein the 
alumina is gamma-alumina or boehmite. 

3. A process as claimed in claim 1 or 2, 
wherein the alkali metal compound is an alkali 
metal salt or an alkali metal hydroxide. 

4. A process as claimed in any one of the 
claims 1-3, wherein in step (a) the alkali metal 
compound is cesiumfluoride. 

5. A process as claimed in any one of the 
claims 1-4, wherein the tin compound is a tin salt 
or tin oxide. 

6. A process as claimed in claim 5. wherein the 
tin compound is stanno sulphate or stanni sulphate. 



7. A process as claimed in any one of the 
claims 1-6. wherein the alkali metaJ compound is 
mixed with the alumina in such quantity that the 
atomic ratio of alkali/aluminium is between 0.0001 

5 and 0.1, preferably between 0.001 and 0.01. 

8. A process as claimed in any one of thg 
claims 1-7, wherein the tin compound is mixed with 
the alumina in such quantity that the atomic ratio of 
tin/aluminium is between 0.001 and 0.1, preferably 

70 between 0.005 and 0.05. 

9. A process as claimed in any one of the 
claims 1-8. wherein the calcination under (b) is 
carried out at a final temperature of between 1200 
*C and 1700 * C. 

;s 10. A process as claimed in claim 1 and 9. 

wherein alumina is mixed with water, the tin com- 
pound and the alkali metal compound, the resulting 
mixture is extruded* to shaped carrier particles, 
which latter are calcined at a temperature between 

20 1200 "C and 1700 *C. 

1 1 . A process as claimed in any one of the 
claims 1-10. wherein in step (c) potassium, 
rubidium and/or cesium is used as the alkali metal 
promotor. 

25 1 2. A process as claimed in claim 1 1 , wherein 

the alkali metal promotor is present on the catalyst 
in an amount between 10 and 3000 parts by weight 
per million parts by weight of the total catalyst. 

13. A process as claimed in claim 12, wherein 
30 the amount is between 250 and 1000 parts by 

weigrtt per million parts by weight of the total 
catalyst. 

14. A process as claimed in any one of the 
claims 1-13, wherein the rhenium compound is a 

35 rhenium salt or a rhenium oxide. 

15. A process as claimed in claim 14. wherein 
the rhenium salt is a perrhenate. 

16. A process as claimed in claim 15. wherein 
ammonium perrhenate is used. 

40 17. A process as claimed in claim 14, wherein 

the rhenium salt is rhenium sulphate. 

18. A process as claimed in any one of the 
claims 14-17. wherein the amount of rhenium cal- 
culated as the metal, is between 40 and 2000 parts 

45 by weight per million parts by weight of total cata- 
lyst 

19. A process as claimed in any one of the 
claims 1-18. wherein in step (c) also a sulphur 
compound is impregnated on the carrier. 

so 20. A siiver containing catalyst suitable for use 

in the oxidation of ethylene to ethylene oxide, com- 
prising 

a) an alkali metal-enriched and tin modified 
alpha-alumina carrier, 
55 b) from 1 to 25 per cent by weight of metal- 

lic silver, based on the weight of the total catalyst 
on the surface of the carrier, 
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c) an aJkali metal in an amount between 10 
and 3000 parts by weight per million parts by 
weight of the total catalyst as promoter, and 

d) rhenium in an amount between 40 and 
2000 parts by weight per million parts by weight of 5 
the total catalyst as additional promoter. 

21. A silver-containing catalyst as claimed in 
claim 20. characterized in that the alkali metal 
under (a) comprises cesium. 

22. A silver-containing catalyst as claimed in io 
claim 20 or 21. characterized in that the alkali 
metal under (c) is potassium, rubidium and/or 
cesium. 

23. A silver-containing catalyst as claimed in 

any one of the claims 20-22, characterized in that rs 
the catalyst contains sulphate ions on the carrier 
surface. 

24. A silver-containing catalyst as claimed in 
any one of the claims 20-23. characterized in that 

the alkali-metal under (c) is present in an amount 20 
between 250 and 1000 parts by weight per million 
parts by weight of the total catalyst 

25. A silver-containing catalyst as claimed in 
any one of the claims 20-24, characterized in that 

the amount of rhenium (as metal) is between 100 25 
and 1000 parts by weight per million parts by 
weight of total catalyst 

26. A process for the preparation of ethylene 
oxide by oxidation of ethylene in the presence of a 
silver-containing catalyst prepared by means of a 30 
process as claimed in any one of the claims 1-19 

or a silver-containing catalyst as claimed in any 
one of the claims 20-25. 

27. Ethylene oxide whenever prepared by 
means of a process as claimed in claim 26. 35 
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